
AD 

Award Number:  DAMD17-00-1-0384 

TITLE:  Solid-Phase Combinatorial Approach to Estradiol 
Tamoxifen/Raloxifene Hybrids:  Novel Chemotherapeutic/ 
Prophylactic Selective Estrogen Receptor Modulators 
(SERM) 

PRINCIPAL INVESTIGATOR:  Robert N. Hanson, Ph.D. 

CONTRACTING ORGANIZATION:  Northeastern University 
Boston, Massachusetts  02115-5000 

REPORT DATE:  July 2001 

TYPE OF REPORT:  Annual 

PREPARED FOR:  U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland 21702-5012 

DISTRIBUTION STATEMENT: Approved for Public Release; 
Distribution Unlimited 

The views, opinions and/or findings contained in this report are 
those of the author(s) and should not be construed as an official 
Department of the Army position, policy or decision unless so 
designated by other documentation. 

20020311 140 



REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 074-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining 
the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for 
^educing this burden to Washington Headquarters Services, Directorate for Information Operations and Reports, 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302, and to the Office of 
Management and Budget, Paperwork Reduction Project (0704-0188), Washington, DC 20503 

1. AGENCY USE ONLY (Leave 
blank) 

2. REPORT DATE 
July  2001 

3. REPORT TYPE AND DATES COVERED 
Annual   (1  Jul   00-30  Jun  01) 

4. TITLE AND SUBTITLE 
Solid-Phase Combinatorial Approach to Estradiol 
Tamoxifen/Raloxifene Hybrids:  Novel Chemotherapeutic/ 
Prophylactic Selective Estrogen Receptor Modulators (SERM) 

6. AUTHOR(S) 
Robert  N.   Hanson,   Ph.D. 

5. FUNDING NUMBERS 
DAMD17-00-1-0384 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
Northeastern University 
Boston, Massachusetts 02115-5000 

E-Mail: r.hanson@neu.edu 

8. PERFORMING ORGANIZATION 
REPORT NUMBER 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 

U.S. Army Medical Research and Materiel Command 
Fort Detrick, Maryland 21702-5012 

10. SPONSORING / MONITORING 
AGENCY REPORT NUMBER 

11. SUPPLEMENTARY NOTES 

12a. DISTRIBUTION / AVAILABILITY STATEMENT 
Approved for Public Release; Distribution Unlimited. 

12b. DISTRIBUTION CODE 

13. ABSTRACT (Maximum 200 Words) 

The objective of this proje 
treatment of hormone-respon 
new agents having features 
we have functionalized the 
estradiol. We have prepared 
that will be coupled to the 
established and validated u 
modeling and NMR spectromet 
have been developed. The ne 
the initial series of targe 

ct is the development of new chemotherapeutic agents for the 
sive breast cancer using a solid phase approach to synthesize 
common to both steroids and antiestrogens. During the past year 
carboxy resin with both the E-and Z-tributylstannylvinyl 
and characterized the initial series of iodophenoxyalkylamines 
resin-bound steroid. The biological assays have been 

sing series of previously prepared compounds. Molecular 
ric methods for conformational analyses and for data analysis 
xt years specific aims involve the synthesis and evaluation of 
t compounds. 

14. SUBJECT TERMS 
Breast Cancer 

15. NUMBER OF PAGES 
46 

16. PRICE CODE 

17. SECURITY CLASSIFICATION 
OF REPORT 

Unclassified 

18. SECURITY CLASSIFICATION 
OF THIS PAGE 

Unclassified 

19. SECURITY CLASSIFICATION 
OF ABSTRACT 

Unclassified 

20. LIMITATION OF ABSTRACT 

Unlimited 
NSN 7540-01-280-5500 Standard Form 298 (Rev. 2-89) 

Prescribed by ANSI Std. Z39-18 
298-102 



FOREWORD 

Opinions, interpretations, conclusions and recommendations are 
those of the author and are not necessarily endorsed by the U.S. 
Army. 

/VjWhere copyrighted material is quoted, permission has been 
obtained to use such material. 

Where material from documents designated for limited 
distribution is quoted, permission has been obtained to use the 
material. 

Citations of commercial organizations and trade names in this 
report do not constitute an official Department of Army 
endorsement or approval of the products or services of these 
organizations. 

N/A In conducting research using animals, the investigator(s) 
adhered to the "Guide for the Care and Use of Laboratory 
Animals," prepared by the Committee on Care and use of Laboratory 
Animals of the Institute of Laboratory Resources, national 
Research Council (NIH Publication No. 86-23, Revised 1985). 

N/A For the protection of human subjects, the investigator(s) 
adhered to policies of applicable Federal Law 45 CFR 46. 

N/A In conducting research utilizing recombinant DNA technology, 
the investigator(s) adhered to current guidelines promulgated by 
the National Institutes of Health. 

N/A In the conduct of research utilizing recombinant DNA, the 
investigator (s) adhered to the NIH Guidelines for Research 
Involving Recombinant DNA Molecules. 

N/A In the conduct of research involving hazardous organisms, the 
investigator(s) adhered to the CDC-NIH Guide for Biosafety in 
Microbiological and Biomedical Laboratories. 

?c* iw 



Table of Contents 

1. Cover 1 

2. SF 298 2 

3. Foreword 3 

4. Table of Contents 4 

5. Introduction 5 

6. Body 6-9 

7. Key Research Accomplishments 10 

8. Reportable Outcomes 11 

9. Conclusions 11 

10. References 12 

11. Appendix 12 



5. Introduction 

The overall objective of this project is the development of new chemotherapeutic 

agents for the treatment or prevention of hormone-responsive breast cancer. Based upon 

our precious synthetic work and molecular modeling studies, we undertook the 

preparation of a series of 17a-(substituted phenylvinyl) estradiols using a solid-phase 

synthesis approach. The key feature of these compounds is the incorporation onto the 

phenylvinyl group of the dialkylaminoalkoxy side chain found in the potent anti-estrogens 

tamoxifen and raloxifene. This would be accompanied by the development of the 

appropriate biological assays to determine bioactivity and NMR evaluations to determine 

the molecular bsis for the observed effects. In this report we describe the preliminary 

aspects of this work and the advances that we have made in these areas. 



6. Body 

The research proposal described 5 Tasks as part of the Statement of Work. These 

included: 1. Initial target compound design. 2. Chemical synthesis of target compounds in 

initail directed library. 3. Measurement of biological properties-affinity and efficacy.4. 

Assessment of structure-activity relationships. 5. Chemical synthesis of target 

compounds in second generation libraries. Work has been undertaken on the first three 

tasks and will be described in the report. 

Task 1. Initial target compound design (Pre-award). 

Prior to the initaition of the award, we evaluated the SAR for the tamoxifen and 

raloxifene anti-estrogens and selected the structural variations for the dialkylaminoalkoxy 

side chains. Based upon our analysis of the crystal structures for liganded ER-LBDs, we 

chose to prepare the dimethylamino-, diethylamino-, pyrrolidino- and piperidino- tertiary 

amines with ethoxy, propoxy- and butoxy- side chains situated at the ortho-, meta- or 

para- positions of the phenyl ring. The starting materials were purchased from 

commercial sources. The methods for the biological assays were identified as well. 

Task 2, Chemical synthesis of target compounds in initial directed library (Months 

1-18). 

During this period we have focused on two aspects. The first is the preparation of 

the functionalized resin that will be used in the combinatorial chemistry. The second is 

6 



the preparation of the iodophenoxy precursors for the penultimate coupling step. For the 

first part, we have prepared on large scale the E- and Z-17a-tributylstannyl vinyl estradiol 

isomers. While the E-isomer predominated (7.5g vs. 2.0 g), there was sufficient quantities 

of both to perform the coupling to the carboxy resin (polystyrene backbone). We used 

carbonyl diimidazole as the coupling reagent. For the second part, we used the 

commercially available ortho-, meta- and para-iodophenols as starting materials. These 

could be coupled directly with the commercially available N-hydroxyethyl amines using 

the Mitsunobu reaction. Preparation of the corresponding N-hydroxypropyl- and N- 

hydroxybutyl- derivatives was accomplished in two steps. We employed the Mitsunobu 

reaction to couple the phenol to the w-halopropan(butan)ol followed by amination with 

the desired secondary amine. The final compounds were characterized by NMR and MS. 

The project is now ready to undertake the solid-phase coupling of the two 

components using the Stille reaction conditions that we have used in other studies. 

Task 3. Measurement of biological properties-affinity and efficacy (Months 1-36). 

We have established the biological assay systems for evaluating the compounds and have 

begun to determine their properties. Our initial results examined the effect of 

stereochemistry (E-vs Z-) and position (o-/m-/p-) on receptor binding for the 

hydroxyphenyl vinyl estradiols and for the para-methoxyphenyl vinyl estradiols. In this 

series, the hydroxy and methoxy substituents are well tolerated. Although the binding 
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(RBA values) are less than estradiol, except for the E-m-hydroxyphenyl compound which 

is comparable to estradiol itself, they are equal to or better than the unsubstituted phenyl 

vinyl estradiol. Only the value for the Z-m-isomer is unavailable at this time. The 

uterotrophic growth assay will be done in the near future to determine the efficacy of the 

compounds and establish a baseline against which the dialkylaminoalkoxyphenyl 

products can be compared. 

One key aspect in this portion of the project that was determined in one of our 

other programs was the need to do the in vivo assays with a single lot of animals. The lot 

to lot variation was too great to permit a reliable comparison of results for compounds in 

a series performed at different times. Therefore, we have to wait until we have all six 

isomers of a series (E-/Z-; o-/m-/p-) before conducting an assay. 

Task 4. Assessment of structure-biological activity relationships (Months 6-36). 

We have utilized both NMR (H-1;C-13) and molecular modeling to examine the 

conformation of the substituted phenyl vinyl estradiols. In general, the molecular 

modeling provides several reasonable low energy conformers for the compounds. Two of 

these conformers are observed in solution using NMR. However, the energy barrier 

between the two (and sometimes three) low energy conformers is low and it appears that 

small energy contributions from the receptor protein could easily induce a change to give 

a conformation not favored in solution or necessarily predicted by computational 

methods. We have undertaken the evaluation of the ER-LBD based on the several 
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published structures. This evaluation includes molecular dynamics with and without 

bound ligand. Since several of the initial compounds that we have evaluated in other 

studies are estrogen receptor agonists, our first studies utilized the agonist form of the 

receptor. As we get more information about our new ligands, we can investigate their 

docking modes with the antagonist form of the receptor. To date, our studies suggest that 

there is significant interaction between the substituted phenyl vinyl group and the amino 

acid sidechains present in the helix-11/12 region but definite sites cannot be identified. 



7. Key Research Accomplishments. 

• Prepared functionalized resin with both E- and Z-triabutylstannylvinyl estradiol 

• Prepared many of the dialkylaminoalkoxyphenyl iodide coupling reagents 

• Developed appropriate NMR and molecular modeling methods using structurally 

similar estradiol derivatives 

• Developed biological assays and validated methods using structurally similar estradiol 

derivatives 

• Initiated SAR studies using data from parallel series of compounds 

10 



8. Reportable Outcomes. 

a.   Manuscripts, abstracts, presentations. 

1. Sebag, A.B., Hanson, R.N., Forsyth, D.A., and Lee, C.-Y., 

Conformational studies of novel estrogen receptor ligands by ID and 2D 

NMR spectroscopy and computational methods. Org. Magn. Res. 

(accepted pending minor revisions). 

2. Hanson, R.N., Design, synthesis and evaluation of novel 

steroidal antiestrogens for the treatment of hormone responsive breast 

cancer. Invited presentation at The Philip S. Portoghese Symposium in 

Medicinal Chemistry, August 23-24, 2001, Minneapolis, Minnesota. 

a.   Degrees obtained supported by the award. 

None. 

9. Conclusions. 

At this point we have achieved several of the intermediate objectives of the 

project. We have prepared the E- and Z-tributylstannylvinyl estradiols and coupled them 

to the carboxy resin. We have prepared a number of the dialkylaminoalkoxyphenyl 

iodides that will we used to react with the functionalized resin. Using our Stille coupling 

procedure we have prepared sample substituted phenylvinyl estradiol derivatives on the 

resin and submitted them to validate our biological assays. We have established the assay 

for receptor affinity using the ER-LBD overexpressed in the BL-21 cell line. We are 
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working on the MCF-7 cell proliferation assay to generate the reproducibility necessary 

for this project. We have established the immature rat uterotrophic growth assay and 

tested it using a set of estradiol derivatives made previously. These results suggest 

significant differences in potency exist between E- and Z-, ortho-, meta- and para- 

isomers. Progress made to date in all areas of the project indicate that goals for the next 

year are achievable. 

10. References: 

None. 

11. Appendix: 

The appendix material is comprised of copies of one manuscript accepted for publication 

in Organic Magnetic Resonance, pending final revisions, and the brochure for The Philip 

S. Portoghese Symposium in Medicinal Chemistry. 
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Conformational Studies of Novel Estrogen Receptor Ligands by ID and 
2D NMR Spectroscopy and Computational Methods 

Albert B. Sebag, Robert N. Hanson*, David A. Forsyth, Choon Young Lee 

Departments of Pharmaceutical Science and Chemistry, Northeastern University, 360 
Huntington Avenue, Boston, MA 02115 

Abstract: The solution conformations of the novel estrogen receptor ligands, (17a, 

20E)-(p-a, a, a-trifluoromethylphenyl)vinyl estradiol (1) and (17a, 20E)-(o-a, a, a- 

trifluoromethylphenyl)vinyl estradiol (2) were investigated in 2D and ID NOESY studies 

and by comparison of' C NMR chemical shifts with theoretical shieldings. The *H and ' JC 

assignments of 1 and 2 were determined by DEPT, COSY, and HMQC experiments. The 

conformations of the 17a-phenylvinyl substituents of 1 and 2 are of interest because of 

their differing receptor binding affinities and effects in MCF-7 cell proliferation assays. A 

statistical method of evaluating contributing conformers of 1 and 2 from predicted JC 
i 

shifts of possible structures correlated quite well with conformational conclusions derived 

from the NOE data. The 17a substituents of 1 and 2 apparently have a similar 

conformational preference in solution, suggesting that 1 and 2 could occupy a similar 

receptor volume. 



Introduction 

As part of our efforts to develop more effective therapeutic agents for the 

treatment of breast cancer, we undertook the designing of (17a, 20E)-(X-phenyl)vinyl 

estradiol compounds that can potently and selectively block the interaction of estradiol 

with its target receptor to impart the desired biological effect. In MCF-7 cell proliferation 

assay studies, we observed that (17a, 20E)-(p-a, a, a-trifluoromethylphenyl)vinyl 

estradiol (1) antagonizes estradiol stimulation and is a very weak agonist with a relative • 

binding affinity (RBA) of 7, compared to the native ligand estradiol at 100.1 In contrast, 

under the same assay conditions, (17a, 20E)-(o-a, a, a-trifluoromethylphenyl)vinyl 

estradiol (2) was a full agonist with an RBA of 71. We examine here whether ortho vs. 

para placement of the substituent in these £-isomers could produce a difference between 

the preferred conformations of 1 and 2 that could account for their distinguishable 

biological responses and varying binding affinity. In particular, if the conformational 

preferences differ and that difference were to be preserved upon binding to the receptor, it 

could affect the conformational mobility of the key helix-12 of the ligand binding domain 

(LBD) of the estrogen receptor (ER)." 

Recently we showed that the placement of a substituent in the ortho or para 

position in some Z-isomers, i.e., (17a, 20Z)-phenylvinyl estradiols did affect the 

conformational equilibrium of the 17a side chain/ In that study, (17a, 20Z)-(p- 

methoxyphenyl)vinyl estradiol and (17a, 20Z)-(o-a,a,a-trifluoromethylphenyl)vinyl 

estradiol were found to exist in similar conformational equilibria which suggested they 

would likely occupy a similar receptor volume. These results were consistent with their 

similar RBA values of 20 and 23. In contrast, (17a, 20Z)-(o-hydroxymethylphenyl)vinyl 



estradiol, which had an RBA of 140, was found to exist in a different conformational 

equilibrium in terms of the distribution of structures varying in the angles of rotation about 

the bonds to the vinyl group. These results suggested that, in addition to position and 

electronic effects of the substituent, the preferred conformations of the 17a substituent of 

Z-compounds might account for some variation of the RBA values. 

In this report, we present a conformational study of the 20E-isomers, 1 and 2, 

using NMR and computational methods, to determine whether differences in the preferred 

conformation of 1 and 2 might also account for their distinguishable biological responses 

and binding affinities. 

The key conformational feature to establish for 1 and 2 is the orientation of the 

17a substituent relative to the steroid skeleton. In this study, we use molecular mechanics 

calculations to generate a set of possible conformations. Two types of NMR data are used 

in conjunction with the predicted conformations to evaluate which conformations are 

populated in solution. One approach is to use JC chemical shifts in a comparison with 

shifts predicted for each of the geometries generated from the molecular mechanics 

calculations. The predicted   C shifts come from empirically scaled GIAO (gauge 

including atomic orbitals) shielding calculations. The other approach is to compare H- H 

nuclear Overhauser effects established in one- and two-dimensional experiments, 1D and 

2D NOESY, with predicted interatomic distances. 

Experimental 

The syntheses and biological data of compounds 1 and 2 have been described 

elsewhere.3 'H NMR data were recorded at 25 °C for 5-8 mg samples dissolved in 

acetone-^ in 5 mm NMR tubes using a Varian Unity 500 MHz NMR spectrometer 



11 
equipped with a 5 mm Varian inverse probe. DEPT and   C experiments were obtained on 

a Varian Mercury instrument at 75 MHz. 

'H spectra were obtained with a spectral width (SW) of 8 kHz, a 67° pulse flip 

angle, a 1.7 s acquisition time (AT), a 2 s relaxation delay (RD) and digitized with 32768 

points giving a digital resolution (DR) of 0.488 HZ per point. Chemical shifts were 

referenced to the residual H signal of acetone-^. 

'H-decoupled   C spectra were recorded with a 18856 Hz SW, a 60° pulse flip • 

angle, a 2 s RD and digitized into 65536 points to give a digital resolution of 0.575 Hz per 

point. 

HMQC6 experiments for single bond !H, ' C chemical shift correlation spectra 

utilized the BIRD sequence to suppress unwanted signals and GARP   JC decoupling. 

Two sets of 256 time increments were obtained in the phase-sensitive mode with 32 

transients obtained per time increment and a 2 s RD. The final matrix was processed with 

Gaussian functions. 

COSY45 experiments were performed with 8 scans for each of 200 increments in 

Fi, 2048 data points in F2 and a relaxation delay of 2.0 s. The final matrix was 

symmetrized and processed with sine-bell exponential multiplication. 

NOESY experiments were performed with 32 scans for each of 256 Fi 
o 

increments, 2048 data points in F2, with a relaxation delay of 2.0 s and a mixing time of 

0.500 s. The final matrix was not symmetrized, but was processed with Gaussian weighing 

functions. 

ID NOESY10 spectra were obtained using a spectral width of 5000 Hz and 20500 

points giving a digital resolution of 0.490 Hz per point, a mixing time of 0.500 s, a RD of 



2.0 s, and a AT of 1.7 s. A Gaussian shaped pulse was used for selective irradiation. 

RESULTS AND DISCUSSION 

1 13 H and   C Assignments 

The H NMR spectra of 1 and 2 in acetone-^ (Figures 1(a) and 2(a)) exhibit very 

little chemical shift dispersion in the low frequency spectral regions (1.2-2.5 ppm), 

precluding straightforward H assignment even at 500 MHz. However, H signals were ; 

assigned via application of HMQC and COSY techniques. The first step was to make   C 

shift assignments, based on our earlier studies of several 17a-substituted estradiols, 

DEPT experiments, and theoretical shielding calculations (see below). Then, geminal 

proton resonances were identified and all proton signals were correlated with directly 

attached carbons via an HMQC experiment. COSY experiments confirmed the initial 

assignments made by the HMQC experiment but did not, of course, distinguish between a 

and ß hydrogens in a given methylene group. This distinction was readily achieved by ID 

NOESY experiments (Figure 1(b) and 2(b)). Using a Gaussian pulse, selective irradiation 

of the protons of the methyl group enhances protons on the ß face of the C and D rings, 

viz., 1 Iß, 12ß, 15ß, 16ß, and H8. Table 1 lists the complete assignments of the H and   C 

signals of 1 and 2. 

Theoretical Carbon Chemical Shifts and Conformational Determination 

The predicted low energy conformers of 1 and 2 (Figures 3 and 4) were generated 

using the MM311 force field through conformational searching by a previously described 

method/ The key dihedral angles are listed in Table 2 for the lowest energy conformers, 



la-lc and 2a-2h, with energies within 1.6 kcal of the lowest energy conformers for 1 and 

2, respectively. 

As the MM3 calculations show, significant changes in the 17a side chain 

conformation result in only minor energy differences. Most of the low energy conformers 

are within 1 kcal of the lowest energy conformer, making any conformational 

determination based purely on MM3 energy predictions unreliable. In MMX " and MM3 

force fields, driving the dihedral angle C21-C20-C17-C13 shows, a very shallow energy 

surface from 85° to 165. In this region, discrete changes in the orientation of the phenyl to 

the vinyl group yielded numerous minima using either MM3 or MMX. Conformers la and 

lc were kept as minima since they represent the upper and lower dihedral range of this 

shallow surface. 

Conclusions regarding the preferred 17a side chain conformation of 1 and 2 were 

approached by applying a statistical method of detenmning contributing conformers from 

predicted   C chemical shifts, 8Pred, of MM3 determined conformers/'    The Spred were 

calculated for each MM3-predicted conformer by empirically scaling GIAO-calculated 

absolute shieldings, cr, obtained at the B3LYP/3-21G level with heteroatoms augmented at 

the 6-31+G* level.4 AU shielding calculations were carried out with the Gaussian98 

program.   Tables 3 and 4 list the Spred of each MM3 conformer and the assigned 

experimental   C chemical shifts, 8exP. 

In this statistical method, the predicted   C shuts of the C and D rings of all MM3 

conformers of 1 and 2 were in each separate case treated as independent variables in a 

multiple independent variable regression analysis of the corresponding experimental data. 15 



The predicted   C shifts of the A and B rings of all reasonable conformers of 1 and 2 were 

not used in this statistical analysis since all remain the same within 0.5 ppm regardless of 

the conformer. In contrast, while the shift differences are still relatively small, most 

carbons in the C and D rings of 1 and 2 display larger than 1 ppm shift differences 

depending on the geometry. The regression analysis yielded fractional populations as the 

fitting parameters. All standard errors and confidence levels of the regression analysis 

were estimated using the Bootstrapping method. 

The results and corresponding estimates of uncertainties (standard errors) are 

listed in Table 5. Both 1 and 2 were found to have a major conformer, lb, 72 ± 32%, and 

2e, 65 ± 33%. Minor conformers are also indicated for each: la, 13 ± 29%, and lc, 15 ± 

28%; and 2c, 33 ± 18%, and 2h, 2 ± 22%. It is important to note that the large 

corresponding standard errors make conclusions on the presence of minor conformers 

unreliable. 

The success of this statistical approach for deducing percentage populations of 

participating conformations in fast exchange depends upon several conditions. Obviously, 

the molecular mechanics calculations must correctly identify all the possible contributing 

conformations and represent their conformations appropriately. The chemical shift 

calculations must also be reasonably accurate; confidence in this regard is engendered by 

the close match of predicted chemical shifts to experimental shifts at the positions that do 

not have conformationally dependent shifts. Finally, there must be substantial differences 

in chemical shifts among the possible conformations and unique combinations of chemical 

shifts for each. The large uncertainties in the statistical analyses of 1 and 2 shown in Table 
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5 arise from the relatively small differences in predicted shifts among the different 

conformers. The largest variations in the C and D rings are predicted to occur at C16 and 

C14. Thus, in this case it is sensible to take the statistical results only as a qualitative 

indicator of the major conformers rather than as a meaningful population analysis. 

NOESY Studies 

The solution state conformations of the 17a side chain of 1 and 2 were also 

investigated by measuring NOE intensities between the vinyl protons and the aliphatic 'H 

of the C and D ring. The 2D NOESY of 1 and 2 reveal a similar pattern of NOE cross 

peaks and intensities between H20 and H21 with the aliphatic protons 12a, 12ß, HI4, 

15a, 16a, and 16ß (Figure 5). Selective ID NOESY experiments of H20 and H21 allow a 

more detailed inspection of the NOE intensities (Figures 1(c) and 2(c), (d)). Table 6 and 7 

summarize and compare the intensities of the observed NOE signals with expected NOE's 

based on H-H distances in all predicted low energy conformers of 1 and 2. 

The NOE data for 1 and 2 suggest a similarly preferred orientation of the 17a 

vinyl side chain. The absence of an observable NOE between H21 and 12a rules out 

conformers, lc, 2a, 2b, 2c, 2g, and 2h, as contributing conformers, precluding most of the 

minima observed in the shallow energy surface range of 85° to 165° for dihedral C21- 

C20-C17-C13 . The observable NOE's between H21 and H14, 15a, and 16a are 

consistent with lb and 2e. The presence of the extended conformers, la, 2d, and 2f are 

evident from the weak enhancements of 15a and 16a upon irradiation of H20. 

Conclusions 

The NOE data of 1 and 2 and the statistical analysis of  C chemical shifts are both 



consistent with a preferred orientation of the 17a vinyl side chain. The findings from the 

multiple independent variable linear regression analyses of the l3C data of 1 and 2, that 

conformers lb and 2e are the major conformers, are compatible with the identity of the 

major conformers favored by NOE data. Conformer lb has the vinyl group turned under 

the D-ring, with the C-21 hydrogen projecting toward C15, and with the C-21 phenyl only 

slightly twisted out of the plane of the double bond. Conformer 2e has the double bond 

disposed in a similar fashion, but has a greater torsion between the double bond and 

phenyl ring, that allows the ortho substituent to avoid A-strain and to project out from 

under the D-ring. 

The statistical method and the NOE data do not agree on the identity of the minor 

conformers. For 1, the regression analysis predicts a 12% population of the extended 

conformer la that is consistent with the NOE data. However, the minor populations of lc 

and 2c that appear in the statistical analyses are inconsistent with NOE data that instead 

favor 2d and 2f as minor conformers. The disagreements can be attributed to the limitation 

of the regression analysis due to the small JC shift differences in the C and D ring among 

most of the MM3 predicted conformers. However, the ability of the regression analysis, 

based on predicted JC shifts, to identify the same major conformer as identified by NOE 

data demonstrates that this approach to interpretation of chemical shift data is a useful 

complement to more common methods of conformational analysis. 

This study reveals that the 17a substituents of 1 and 2 have a similar preferred 

orientation in reference to the steroidal skeleton. This similarity in solution conformations 

of 1 and 2 suggests that there are no inherent restrictions with respect to occupying a 



similar receptor volume other than positional placement of the substituent. Other 

influences such as electronic effects may also play roles in the differing biological 

responses and RBA values of 1 and 2. It is interesting to note the apparent absence of a 

similar range of conformational structures for the 20E-isomers 1 and 2 compared to the 

20Z-isomers previously examined, despite the predictions of favorable energies for other 

conformers in MM3 calculations. However, with only minor energy differences between 

conformers, this could be a case where the solution conformational preference could be ; 

overridden by interactions with the receptor. 
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Figure Captions 

Figure 1. (a) Low frequency spectral region of the 500 MHz 'H NMR spectra of 1 in 

acetone-do. Equivalent spectral regions of the 500 MHz ID NOESY spectra (500 ms 

mixing time) of 1 obtained by selective irradiation of the C18 methyl (b), and H20/H21 

(c) using a Gaussian pulse. Spectra (b) and (c) are 4x the vertical scale of (a). Overlap of 

H20 and H21 inhibited selective irradiation of each proton. 

Figure 2. (a) Low frequency spectral region of the 500 MHz *H NMR spectra of 2 in 

acetone-d6. Equivalent spectral regions of the 500 MHz ID NOESY spectra (500 ms 

mixing time) of 2 obtained by selective irradiation of the C18 methyl (b), H20 (c), and 

H21 (d) using a Gaussian pulse. Spectra (b), (c), and (d) are 4x the vertical scale of (a). 

Figure 3. MM3-predicted geometries for the most stable conformers of 1. 

Figure 4. MM3-predicted geometries for the most stable conformers of 2. 

Figure 5. Spectral regions of the 500 MHz 2D NOESY spectrum of (a) 1 and (b) 2 

obtained with a mixing time of 500 ms. The NOE connectivities are indicated. 
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Table 1.   *H and 13C Chemical Shifts for 1 and 2 

'H 1 2 
13c 1 2 

1 7.09 7.09 1 126.4 126.4 
2 6.58 6.59 2 112.9 112.9 
4 6.52 6.54 3 155.3 155.2 

6a 2.75 2.78 4 115.3 115.3 
6(3 2.80 2.81 5 137.7 137.5 
7a 1.32 1.34 6 30.0 29.9 
7(3 1.92 1.92 7 27.7 27.7 
8 1.43 1.54 8 40.1 40.0 
9 2.10 2.10 9 44.0 44.0 

11a 2.26 2.28 10 131.3 131.3 
113 1.46 1.43 11 26.7 26.6 
12a 1.42 1.50 12 32.9 32.8 
12(3 1.68 1.69 13 47.8 47.8 
14 1.70 1.71 14 49.5 49.4 

15a 1.86 1.84 15 23.5 23.5 
15(3 1,52 1.50 16 37.0 36.9 
16a 2.04 2.04 17 83.6 83.7 

>     16ß 2.06 2.06 18 14.2 14.1 
CH3 '1.02 1.01 20 - 140.0 141.8 
20 6.74 6.65 21 125.3 122.9 
21 6.85 7.0 22 142.1 137.8 
23 7.69 N/A 23 127.0 127.6 
24 7.64 7.70 24 125.6 125.7 
25 N/A 7.61 25 128.9 132.6 
26 7.64 7.44 26 125.6 127.2 
27 7.69 7.82 27 128.2 128.0 

N/A N/A N/A CF3 125.4 125.7 



Table 2.    Relative Energies and Key Dihedrals of Predicted Conformers of 

1 and 2 Using MM3 

Conformers C13-C17-C20-C21 C20-21-22-23 Relative Energies 
(kcal/mol) 

la 161 -169 0 
lb -96 18 0.30 
lc 89 158 0.32 

2a 87 -145 0 
2b 95 151 0.06 
2c 89 -56 0.92 
2d 149 144 1.25 
2e -99 55 1.26 
2f 162 -148 1.33 
2g -65 -49 1.53 
2h -95 -68 1.59 



Table 3.   Experimental and Predicted 13C Chemical Shifts (ppm) of 

Predicted Conformers of 1 Using B3LYP/3-21G(X,6-31+G*)//MM3 

Calculat ions 

Carbon la lb lc expt 
C1 127.6 127.2 127.3 126.4 
C2 113.2 113.1 113.1 112.9 
C3 153.3 153.1 153.0 155.3 
C4 116.1 115.8 115.7 115.3 
C5 136.4 136.0 135.9 137.7 
C6 31.2 30.8 30.7 30.0 
C7 28.2 28.3 28.3 27.7 
C8 40.3 39.8 39.5 40.1 
C9 44.2 43.9 43.9 44.0 
C10 131.6 131.5 131.8 131.3 
C11 28.3 28.1 28.2 26.7 
C12 31.4 31.8 32.4 32.9 
C13 46.5 48.1 48.1 47.8 
C14 50.2 48.0 47.9 49.5 
C15 25.7 26.2 26.4 23.5 
C16 45.9 36.8 39.2 37.0 
C17 83.0 84.9 84.1 83.6 
C18 15.2 16.6 15.5 14.2 
C20 149.2 144.9 143.4 140.0 
C21 133.9 131.6 131.3 125.3 
C22 137.9 138.6 137.6 142.1 
C23 121.6 122.4 122.0 127.0 
C24 127.5 127.6 127.5 125.6 
C25 132.2 131.7 131.8 128.9 
C26 128.0 127.8 127.8 125.6 
C27 129.3 128.5 129.2 128.2 
C28 130.8 130.9 130.8 125.4 



Table 4. Experimental and Predicted 13C Chemical Shifts (ppm) of 

Predicted Conformers of 2 Using B3LYP/3-21G(X,6-31+G*)//MM3 

Calculations 

Carbon 2a 2b 2c 2d 2e 2f 2g 2h expt 
Cl 127.4 127.6 127.3 127.5 127.5 127.4 127.6 127.6 126.4 
C2 113.1 113.1 113.0 113.1 113.1 113.1 113.1 113.0 112.9 
C3 153.1 152.9 153.0 153.0 153.0 153.1 153.1 152.9 155.2 
C4 115.8 115.5 115.8 115.8 115.7 115.9 115.8 115.7 115.3 
C5 136.2 135.8 136.1 136.1 136.1 136.3 136.2 136.2 137.5 
C6 31.1 30.8 30.7 31.1 31.1 30.9 31.1 31.1 29.9 
C7 28.3 28.4 28.1 28.3 28.3 28.2 28.4 28.3 27.7 
C8 39.9 39.7 40.1 39.9 39.5 40.1 40.3 40.0 40.0 
C9 44.3 44.4 44.2 44.3 44.3 44.3 44.5 44.2 44.0 
CIO 131.6 132.1 131.6 131.6 132.0 131.5 131.7 132.1 131.3 
Cll 28.3 28.5 28.5 28.2 28.3 28.2 28.4 28.4 26.6 
C12 33.0 33.8 33.1 31.9 32.2 31.9 29.4 30.5 32.8 
C13 4ß.1 48.6 48.0 47.7 47.2 47.2 48.6 47.6 47.8 
C14 51.5 51.1 50.9 49.6 48.3 49.7 50.8 47.6 49.4 
C15 26.0 26.5 26.0 25.8 26.4 25.6 26.8 26.1 23.5 
C16 '39.6 42.4 39.2 39.6 38.9 41.6 39.7 37.6 36.9 
C17 83.6 83.9 84.6 84.0 83.6 84.0 81.9 85.5 83.7 
C18 16.3 15.0 16.1 16.3 15.2 16.3 18.3 16.9 14.1 
C20 146.2 146.7 151.2 146.3 151.1 147.5 149.6 151.2 141.8 
C21 130.7 133.3 130.1 129.9 225.7 132.5 128.7 131.7 122.9 
C22 137.2 137.5 140.8 138.6 140.4 138.7 140.7 140.6 137.8 
C23 126.8 126.4 128.1 127.3 128.4 126.6 128.7 129.0 127.6 
C24 131.9 131.9 130.7 132.1 130.9 131.9 130.9 131.0 125.7 
C25 130.6 130.6 130.9 130.9 131.0 130.7 130.9 130.8 132.6 
C26 127.8 127.6 129.5 127.7 129.5 127.7 129.3 129.0 127.2 
C27 130.5 130.1 131.4 130.1 131.2 130.0 131.0 130.5 128.0 
C28 126.8 126.5 126.0 126.3 126.2 126.6 126.3 126.1 125.7 
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Table 5. Summary of the Multiple Independent Variable Regression 

Analysis3 of the Calculated 13C Shifts of Predicted Conformers of 1 and 2 

Conformer Estimate Standard Error 
(%) (%) 

la 13 29 
lb 72 32 
lc 15 28 

2a 0 14 
2b 0 13 
2c 33 18 
2d 0 18 
2e 65 
2f 0 30 
2g 0 4 
2h 2 22 

a Constraints: Each conformer is greater than or equal to 0 %. Each of the conformer sets 

la-lc and 2a-2h total to 100 %. 



Table 6.   Summary and Comparison of Observed NOE Enhancements with 

Expected NOE Intensitiesa for Predicted Conformers of 1 

Irradiated    Enhanced    la      lb     lc      Expt 
H20 12a s s w s 
H20 H14 s s s s 
H20 15a w n w w 
H20 16a,ß w n w w 
H21 12a n n s n 
H21 H14,12ß n s w w 
H21 15a n w n w 
H21 16a,ß n s n s 

a. Expectations of strong (s), weak (w), and no (n) NOE enhancements correspond to H- 

H distances of JO - 2.99; 3.0 - 4.99; and > 5 A. 
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